Introduction: Adherence to long-acting bronchodilator therapy for management of chronic obstructive pulmonary disease (COPD) is a critical clinical and cost issue. Low adherence is associated with relatively higher exacerbation rates and illness burden. Purpose: To compare adherence between patients with COPD initiating therapy on tiotropium or fluticasone/salmeterol and examine the association between adherence and respiratory-related costs. ) and were observed during 6-month pre-index and variable (12-18-month) post-index periods. Outcomes were adherence to and discontinuation of therapy, and respiratory-related inpatient, medical, and total health care costs. Adherence was medication possession ratio $0.80. Discontinuation, adherence, and costs were analyzed with Cox proportional hazards regression, logistic regression, and generalized linear model regressions, respectively. Regressions controlled for demographic, sociodemographic, and health status factors. Results: The study population comprised 1561 tiotropium and 2976 fluticasone/salmeterol patients. In unadjusted comparisons: 19.5% and 8.5% of tiotropium and fluticasone/salmeterol patients, respectively, were adherent (P , 0.001); tiotropium patients versus fluticasone/salmeterol patients had higher mean respiratory-related pharmacy costs (US$1080 versus US$974, P = 0.002) and health care costs (US$3751 versus US$2932, P = 0.031). Regression analysis showed tiotropium patients were 31.6% less likely to discontinue therapy (95% confidence interval [CI]: 0.64-0.73) and had 2.25 times higher odds of adherence (CI: 1.85-2.73) versus fluticasone/ salmeterol patients. The associations between index therapy and costs were not significant. Adherence versus nonadherence was associated with: 46.9% higher health care costs (CI: 1.13-1.91); 37.1% lower medical costs (CI: 0.43-0.91); and 53.4% lower inpatient costs (CI: 0.30-0.72). Conclusion: Patients with COPD initiating long-acting bronchodilator therapy were more likely to be adherent to tiotropium than to fluticasone/salmeterol. Adherence to either tiotropium or to fluticasone/salmeterol was associated with lower respiratory-related medical and inpatient costs, and with higher respiratory-related total health care costs.
Introduction
Chronic obstructive pulmonary disease (COPD) is a disorder characterized by airflow limitation that is "not fully reversible" and progressive lung function decline. 1, 2 Chronic bronchitis and emphysema are the two main components of COPD. 1, 2 COPD is the fourth leading cause of death in the United States, 1 and it is estimated that it will be the third leading cause of death by 2020. 3 Approximately 12 million US adults are diagnosed with COPD, and another 12 million may have the disease but remain undiagnosed. 4 The burden of COPD on the United States health care system is considerable. Estimates from research conducted in 2000 showed that COPD was associated with approximately 1.5 million emergency department visits, 726,000 hospitalizations, and 119,000 deaths per year. 5 A more recent estimate linked COPD with US$42.6 billion in US health care costs and lost productivity in 2007. 6 Current approaches to managing COPD are aimed at treating both the symptoms and the underlying pulmonary inflammation and bronchoconstriction associated with the disorder. Pharmacologic therapy for COPD includes shortacting and long-acting beta-agonists (SABAs, LABAs), anticholinergic agents, methylxanthines, and inhaled glucocorticosteroids. 1, 2, 7 The 2009 update to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines, 2 as well as other national guidelines, 8 recommend treatment with long-acting bronchodilators, including oncedaily anticholinergic tiotropium, for management of stable Stage II moderate COPD. The GOLD guidelines specify that treatment with inhaled glucocorticosteroids, alone or in combination with inhaled beta-agonists, may be indicated for the management of more severe COPD. 2 Nevertheless, despite the widespread availability of practice guidelines for outpatient management of COPD, research indicates that these guidelines are underutilized in "real-world" clinical practice. 9, 10 A survey of 784 primary care physicians who actively treated COPD patients revealed that only 55% were cognizant of COPD treatment guidelines and 25% factored guidelines into their treatment decisions. Additionally, 32% of the primary care physicians treated patients with mild COPD with inhaled corticosteroids. 9 Furthermore, several studies have shown that even when these guidelines are followed, adherence to recommended therapy is poor among COPD patients, 11 as is often the case with individuals requiring long-term therapy for chronic diseases. 12, 13 The underuse of COPD medications has been reported in numerous studies, both in clinical trial settings and in "real-world" clinical practice settings. [14] [15] [16] [17] [18] [19] Results of the Lung Health Study, a double-blind, multicenter, randomized controlled trial of smoking intervention and bronchodilator use in COPD patients, showed a decline in self-reported adherence from 70% of patients at 4-month follow up to 60% over the next 18 months. 20 Overall, the results of studies conducted in a variety of settings indicate that average adherence to COPD regimens is 50% or lower. 13, 14, [16] [17] [18] 21 The literature indicates that: (1) physicians who treat patients with COPD do not uniformly adhere to treatment guidelines; and (2) patients frequently are not adherent to bronchodilator therapy.
Adherence to COPD treatments, particularly to longacting bronchodilators, is a critical clinical and health economics issue affecting the management of stable COPD because of its well documented impact on a wide variety of health outcomes. 12, 16, 22 Greater adherence to COPD medications has been shown to be associated with lower rates of exacerbations, fewer emergency room visits and inpatient hospitalizations, shorter lengths of inpatient stays, less inefficient escalation of therapy, lower health care expenditures, and higher quality of life. 15, 16, [22] [23] [24] [25] [26] [27] Most of the published literature documenting adherence to COPD therapies examines medications that have been on the market for several years (eg, short-acting anticholinergics, inhaled corticosteroids, LABAs) or results from clinical trials. There is little information on adherence to newer long-acting bronchodilators.
Study objectives
The objectives of this retrospective claims study were to: (1) compare adherence between COPD patients initiating long-acting bronchodilator therapy on tiotropium or fluticasone/salmeterol; and (2) examine the association between adherence to these therapies and respiratory-related costs. We hypothesized that: (1) adherence levels would differ between patients treated with tiotropium and those treated with fluticasone/salmeterol; and (2) better adherence to longacting bronchodilator therapy would be associated with lower respiratory-related medical costs. To our knowledge, there are no studies in the published literature that compare adherence to these two long-acting bronchodilator therapies.
Materials and methods

Data source
The retrospective administrative claims data used in this study included medical claims, pharmacy claims, and eligibility information from a large, national US health plan. The plan provides fully insured coverage for professional (eg, physician), facility (eg, hospital), and outpatient prescription medication services. Professional and facility claims include International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) diagnosis codes, ICD-9 procedure codes, Current Procedural Terminology, Version 4 (CPT-4) procedure codes, Healthcare Common Procedure Coding System (HCPCS) procedure codes, site of service codes, provider specialty codes, and health plan and patient costs. Outpatient pharmacy claims provide National Drug Codes (NDC) for dispensed medications, quantity dispensed, drug strength, days supply, provider specialty code, and health plan and patient costs.
The individuals covered by this health plan, about 14 million in 2007, are geographically diverse across the United States, with greatest representation in the South and Midwest US census regions. Prior to the commencement of this study, claims data were linked at the individual level with an external database that contains measures of sociodemographic characteristics, including race and ethnicity, and household income; after this linkage, all patient identification information (eg, date of birth) was removed and replaced with the unique anonymous patient identification numbers associated with individual health plan enrollees in the claims. The sociodemographic data measures were generated by a combination of self-report, modeling, census data, and a variety of other individual-level and population-level data sources. Although identifying information was not required to link the sociodemographic data with the claims data, we obtained approval from a privacy board to ensure that use of the sociodemographic data would not risk individual patient identification. All study data were made unidentifiable and accessed with protocols compliant with the Health Insurance Portability and Accountability Act enacted by the US Congress in 1996.
Subject identification
The study population comprised commercial health plan members diagnosed with COPD and initiated on tiotropium or fluticasone/salmeterol. (This study was originally designed to include patients initiated on long-acting bronchodilators, including salmeterol and formoterol, as well as on tiotropium or fluticasone/salmeterol. Ultimately, the numbers of patients initiated on salmeterol (N = 128) or formoterol (N = 111) after application of the selection criteria were very small. Consequently, only tiotropium (N = 1561) and fluticasone/ salmeterol (N = 2976) cohorts were retained and analyzed.) All patients had at least one pharmacy claim for one of these two medications during the identification period December 1, 2004 through December 31, 2005 . The date of the first tiotropium or fluticasone/salmeterol pharmacy claim was defined as the "index date", and the medication on the index prescription claim was defined as the "index therapy". All patients were at least 40 years old during the year of the index date, and had 6 months of pre-index date ("baseline") and at least 12 months, up to 18 months, of post-index date ("follow up") continuous enrollment with medical and pharmacy benefits. In addition, patients were required to have at least one medical claim with a primary or secondary ICD-9-CM diagnosis code for COPD (ICD-9-CM 491.xx, 492.x, 496) during the baseline period or within 60 days after the index date. Patients with any pharmacy claims for tiotropium, fluticasone/salmeterol, salmeterol, or formoterol during the baseline period were excluded from the study population in order to focus on those initiating long-acting therapy. Patients with medical claims with primary or secondary ICD-9-CM codes for asthma (ICD-9-CM 493.xx), cystic fibrosis (ICD-9-CM 277.0x), or lung cancer (ICD-9-CM 162.2-162.9, 197.0, 212.3, 231.2, 235.7, 239.1) at any time during the baseline or follow up periods also were excluded.
cohort assignment
Patients were divided into tiotropium and fluticasone/salmeterol cohorts. Patients were assigned to the tiotropium cohort if their index therapy was tiotropium; if they also had a pharmacy claim for fluticasone/salmeterol within 2 weeks after the index date, they remained in the tiotropium cohort if they had at least two pharmacy claims for tiotropium and only one claim for fluticasone/salmeterol throughout follow up (including index date). Conversely, patients were assigned to the fluticasone/salmeterol cohort if their index therapy was fluticasone/salmeterol; if they had a claim for tiotropium within the 2 weeks after the index date, they remained in the cohort if they had at least two fluticasone/salmeterol claims and only one tiotropium claim throughout follow up. Patients who had pharmacy claims each for tiotropium and fluticasone/salmeterol within 2 weeks after the index date and at least two claims each for fluticasone/salmeterol and tiotropium throughout follow up (ie, patients who might have been concurrently treated with tiotropium and fluticasone/ salmeterol) were excluded in order to limit the study population to patients initiated on only one of the therapies.
Variables Outcomes
Adherence and therapy discontinuation with the index therapy were assessed during the follow up period inclusive of the index date. Adherence was measured with a continuous medication possession ratio (MPR): (cumulative days supply of the index therapy during follow up)/ (number of days of follow up). The number of days spent in inpatient facilities was subtracted from both the numerator and denominator of the MPR based on the assumption that COPD therapy was administered during any inpatient stay. 28 MPR values greater than 1.0 were truncated to 1.0. The continuous MPR value (between 0.0 and 1.0) was also converted to a binary indicator such that MPR $ 0.80 was "adherent" 29 and MPR , 0.80 was "nonadherent". Therapy discontinuation was defined as a lapse, or "gap", in therapy, and occurred when more than 30 days elapsed between the "run-out" date (ie, the date of the last fill plus its days supply) of an index therapy fill and the next refill or the end of the follow up period. Discontinuation was also defined with a 60 day gap threshold. Both measures of discontinuation were adjusted for early refills.
Respiratory-related cost outcome measures included medical costs, outpatient pharmacy costs, total health care (medical + outpatient pharmacy) costs, and inpatient costs associated with a broad variety of respiratory conditions. Inpatient costs were a subset of the respiratory-related medical costs. Respiratory-related medical care was identified from medical claims with primary diagnoses for respiratory conditions or respiratory failure; or diagnoses associated with respiratory conditions or respiratory failure secondary to primary diagnoses for cardiac conditions. The ICD-9-CM diagnosis codes used to identify respiratory conditions or respiratory failure and cardiac conditions are shown in Appendix A and Appendix B, respectively. Respiratoryrelated pharmacy costs represented costs for medications associated with the designated respiratory conditions, and were based on pharmacy claims for tiotropium, fluticasone/ salmeterol, LABAs (salmeterol, formoterol), SABAs (isoproterenol, isoetharine, metaproterenol, terbutaline, albuterol, bitolterol, pirbuterol, levalbuterol), short-acting anticholinergics (ipratropium), theophylline, inhaled corticosteroids (beclomethasone, flunisolide, dexamethasone, triamcinolone, mometasone, budesonide, fluticasone), and oral prednisone. Costs were the sum of health plan-paid and patient-paid amounts (ie, not charged amounts) and were adjusted for inflation up to 2006 using the medical care cost component of the Consumer Price Index.
Cost variables were not standardized to a uniform period (eg, per patient per month or annualized) because length of follow up was uniform within the study population. The mean (standard deviation [SD]) lengths of follow up for the tiotropium and fluticasone/salmeterol cohorts were 502.7 (58.5) days and 508.0 (57.1) days, respectively; these lengths of follow up, although significantly different (P = 0.004, data not shown), were nevertheless quite close. The median length of follow up for both cohorts was 547 days, which also was the maximum length of follow up. The lengths of follow up at the 25th percentile for the tiotropium and fluticasone/salmeterol cohorts were 459.0 and 470.5 days, respectively.
Demographic, sociodemographic, and clinical characteristics
Demographic variables (age, gender, and geographic region) were captured from the enrollment data. Race was measured as a binary indicator, white/nonwhite, where "white" denotes non-Hispanic Caucasian. Household income was measured as a categorical variable. Clinical characteristics were measured during the baseline period and included: indication of respiratory complication; comorbid conditions (hypertension, heart disease, lipid metabolism, respiratory infection); Charlson Comorbidity Index (CCI) score; and use of SABAs or short-acting anticholinergics, corticosteroids, and oxygen services. Baseline respiratory complication was a binary flag to identify patients who had at least one baseline respiratory-related inpatient stay or emergency department visit. This measure was modeled on a similar measure of acute COPD exacerbation, also based on respiratory-related hospitalization or emergency department visit, used by Chrischilles et al; 30 their definition of "respiratory-related" included diagnoses of COPD, asthma, emphysema, chronic or acute bronchitis, and pneumonia. We generalized the measure of respiratory complication to include the broader diagnostic criteria for "respiratory-related" used in this study. The comorbidities of hypertension, heart disease, disorders of lipid metabolism, and respiratory infection were identified with the Clinical Classification Software managed by the Agency for Healthcare Research and Quality. 31 CCI was based on the Quan et al 32 update of the Deyo et al 33 adaptation of the original Charlson et al index. 34 SABA use was a binary indicator to identify patients with at least one SABA or short-acting anticholinergic pharmacy claim. Corticosteroid use was a binary indicator based on inhaled corticosteroid or oral prednisone pharmacy claims. Use of oxygen services was identified with medical claims containing HCPCS codes A4611-A4629, E0424-E0486, E0550-E0585, E1353-E1406, or S8120-S8121. In addition, a binary indicator showed whether the index therapy fill (on index date) was associated with a pulmonology specialty code as a proxy for intensity of services consumption.
statistical analysis
All study variables were analyzed descriptively. Results were stratified by cohort; respiratory-related costs also were stratified by adherence within cohort. T-tests were used to examine differences between unadjusted mean values of continuous variables, accounting for unequal variance as appropriate, and chi-square tests were used to evaluate unadjusted differences in proportions.
Regression analysis was employed to analyze factors associated with discontinuation, adherence, and respiratoryrelated health care costs, medical costs, and inpatient costs, while controlling for covariates. Time to first discontinuation (both 30 day and 60 day gap criteria) was modeled using Cox proportional hazards regression. Adherence was modeled with logistic regression. Generalized linear model (GLM) regressions with log link and gamma distribution were estimated to evaluate respiratory-related costs. Respiratory-related medical costs and inpatient costs were analyzed with two-part cost models: the first part was a logistic regression to model whether the patient had any respiratory-related medical or inpatient costs (.US$0); the second part was GLM to model actual costs among those who had cost .US$0. The gamma distribution used in all GLM regressions was selected based on the Park test. 35 A two-part cost model was not necessary to model respiratory-related health care costs because all patients had cost .US$0. Independent variables included: index therapy cohort; age category; gender; pulmonologist-prescribed index therapy fill; baseline respiratory complication; CCI score; baseline SABA, corticosteroid, and oxygen utilization; and baseline comorbid conditions. The binary adherence indicator was also an independent variable in the cost models.
Sensitivity testing was conducted for the adherence and cost regressions. An alternative threshold of MPR $0.70 was employed for the logistic regression to model adherence. Additional cost regressions that added geographic region indicators as covariates and that excluded the adherence (MPR $0.80) indicator were estimated. All analysis was performed with SAS, Version 9, and Stata, Version 9.
Results
Descriptive analysis results
The study population numbered 4537 patients, of whom 1561 initiated tiotropium therapy and 2976 initiated fluticasone/salmeterol therapy; patient selection and attrition are shown in Figure 1 . Demographic and sociodemographic characteristics of the study population, by cohort, are shown in Table 1 . The mean (SD) ages within cohorts were 62.0 (10.4) years in the tiotropium cohort and 60.3 (10.7) years in the fluticasone/salmeterol cohort (data not shown, P , 0.001). Consistent with the national coverage of the health plan, about three-quarters of each cohort was enrolled in the South or Midwest regions. Approximately 60% of patients in each cohort had household income levels lower than US$70,000. There was a small but significant difference in the proportion of white patients by cohort: 85.8% in the tiotropium cohort compared with 83.5% in the fluticasone/ salmeterol cohort (P = 0.037).
Baseline clinical characteristics are presented in Table 2 . There were few significant differences between the tiotropium and fluticasone/salmeterol cohorts. Higher proportions of the tiotropium cohort had SABA use and oxygen use during baseline: 36.9% of the tiotropium cohort had at least 
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one SABA fill compared with 32.5% of the fluticasone/ salmeterol cohort (P = 0.003), and 17.1% of the tiotropium cohort used oxygen services compared with 12.7% of the fluticasone/salmeterol cohort (P , 0.001). In addition, a significantly higher proportion of the tiotropium cohort had a CCI score of 1 (50.8% versus 47.0% in the fluticasone/ salmeterol cohort, P = 0.013) or a CCI score of 4 (5.0% versus 3.5% of fluticasone/salmeterol patients, P = 0.014); conversely, a significantly lower proportion of tiotropium patients (11.5%) had a CCI score of 0 compared with the fluticasone/salmeterol cohort (19.2%, P , 0.001).
Tiotropium patients had higher mean unadjusted adherence during follow up, on average, than did fluticasone/ salmeterol patients. The mean (SD) unadjusted MPRs for the tiotropium and fluticasone/salmeterol cohorts were 0.38 (0.34) and 0.26 (0.28), respectively (P , 0.001, data not shown). (MPR may also be adjusted for time spent in inpatient facilities by subtracting the number of inpatient days only from the denominator. 28 We tested the sensitivity of our MPR measure by calculating adherence as (cumulative days supply of index therapy during follow-up)/(length of follow-up -inpatient days). MPR was not sensitive to this variation in measurement. The mean (SD) MPR over the entire study population when number of inpatient days was subtracted from both the numerator and denominator was 0.30 (0.31). The revised mean (SD) MPR was 0.31 (0.31)).
The proportions of patients with discontinuations measured with 30 day and 60 day gaps are displayed in Figure 2 . The great majority of all patients had at least one gap in index therapy during their follow up periods; 84.8% of tiotropium patients had at least one minimum 30-day gap compared with 94.1% of fluticasone/salmeterol patients (P , 0.001), and 77.6% and 88.9% of tiotropium and fluticasone/ salmeterol patients, respectively, had minimum 60 day gaps (P , 0.001). The low overall continuous adherence and high rate of discontinuation account for the low proportions of adherent patients, also shown in Figure 2 . Less than 20% of each cohort was adherent, although the tiotropium cohort exhibited a higher adherence rate (19.5%) than did the fluticasone/salmeterol cohort (8.5%, P , 0.001).
Mean follow up respiratory-related costs are shown in Tables 3 and 4. Table 3 provides a comparison of unadjusted mean costs between the study cohorts. The tiotropium cohort had significantly higher unadjusted mean 
Multivariate analysis results
The hazard ratios associated with the index therapy cohort indicator (reference = tiotropium cohort) from both Cox proportional hazards regressions are displayed in Figure 3 . The hazard ratios for the cohort indicator were 0. 
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Halpern et al of discontinuation was proportional for the cohort indicator throughout the follow up period. The coefficients for the cohort and adherence indicators from the cost regressions are shown in Table 5 . The cohort indicator was not significant in any of the cost regressions. The adherence indicator (reference = MPR $ 0.80) was significant in four of the five regressions. Adherence was associated with 46.9% higher respiratory-related health care 
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Tiotropium and fluticasone/salmeterol in COPD (medical + outpatient pharmacy) costs compared with nonadherence (CI: 1.13-1.91, P , 0.01). Adherence was associated with 42.2% higher odds of incurring any respiratory-related medical cost .$0 (CI: 1.07-1.90 P , 0.05) and was associated with lower respiratory-related medical costs among patients with any medical costs (cost ratio: 0.63, CI: 0.43-0.91, P , 0.05). Additionally, adherence was associated with significantly lower respiratory-related inpatient costs among patients with inpatient cost .$0 (cost ratio: 0.47, CI: 0.30-0.72, P , 0.01). There was no effect on cost regression results with respect to the index therapy cohort as a result of the sensitivity testing (adding geographic region indicators, excluding adherence indicator; results not shown).
Discussion
We examined medical claims data for patients with COPD who initiated tiotropium or fluticasone/salmeterol therapy and observed their index therapy treatment outcomes and respiratory-related cost outcomes for 12-18 months after initiation. Regression analysis showed a strong association between index therapy cohort and the odds of adherence, as well as between cohort and gaps in therapy. The adherence Odds ratio Figure 4 regression-adjusted adherence: index therapy cohort. Notes: controlled for: age category; gender; baseline respiratory complication; baseline charlson comorbidity index score; household income; race; pulmonologist-prescribed index therapy fill; baseline use of corticosteroid, short-acting beta-agonist, oxygen; baseline hypertension, heart disease, respiratory infection, lipid metabolism disorder. Abbreviation: MPr, medication possession ratio. Notes:
a P , 0.01; b 0.01# P , 0.05. controlled for: age category; gender; baseline respiratory complication; baseline charlson comorbidity index score; household income; race; pulmonologist-prescribed index therapy fill; baseline line of corticosteroid, short-acting beta-agonist, oxygen; baseline hypertension, heart disease, respiratory infection, lipid metabolism disorder. All costs were measured in 2006 Us dollars and during follow-up period. Abbreviations: CI, confidence interval; MPR, medication possession ratio.
submit your manuscript | www.dovepress.com Dovepress Dovepress regression confirmed our hypothesis of a difference in adherence between the index therapy cohorts. This difference may be attributable in part to the relatively more convenient dosing schedule for tiotropium (one inhalation per day) compared with that for fluticasone/salmeterol (two inhalations per day). 36, 37 Tiotropium patients had higher odds of adherence (MPR $ 0.80), and were significantly less likely to have gaps in their therapy compared with the fluticasone/ salmeterol cohort after controlling for demographic and baseline clinical characteristics.
The tiotropium cohort had higher mean unadjusted respiratory-related outpatient pharmacy and total respiratoryrelated health care costs compared with the fluticasone/salmeterol cohort. The higher mean respiratory-related pharmacy cost could have been a function of higher adherence in the tiotropium cohort, and the higher mean respiratory-related total health care costs, in turn, could have been, in part, a function of the higher mean pharmacy costs and sicker patients based on demographic and clinical characteristics that we were able to measure (Tables 1 and 2 ). There was, however, no regression-adjusted association between index therapy cohort and any of the cost outcomes; thus, the significant differences in mean respiratory-related total health care costs between the index therapy cohorts, shown in Table 2 , did not persist when factors associated with costs were controlled for in the multivariate analysis. Despite higher adherence levels, respiratory-related costs for the tiotropium cohort were not significantly different from those in the fluticasone/ salmeterol cohort.
In the first part of the two-part respiratory-related medical cost model, adherence was associated with higher odds of having a medical cost (ie, cost .US$0). This result indicates that patients who are more adherent to tiotropium or fluticasone/salmeterol have higher odds of medical services consumption. One explanation for this result is that adherent patients have more frequent contact with the medical system than do nonadherent patients because adherent patients obtain more prescriptions for their therapies. Moreover, it is possible that, in general, patients who are adherent are also more active in seeking medical care in addition to prescriptions. In the second part of the two-part model, adherence was associated with lower respiratory-related medical costs among patients who incurred any respiratory-related medical costs, as hypothesized. Thus, the two-part model suggests that: 1) among all patients, adherent patients had higher odds of receiving medical treatment for respiratory-related conditions; and 2) among the subset of patients who had a respiratory-related medical cost, those costs were lower among adherent patients.
Adherence was associated with higher respiratory-related health care costs, most likely as a function of higher odds of incurring respiratory-related medical costs (shown in part 1 of the respiratory-related medical cost model) as well as higher respiratory-related pharmacy costs among adherent patients (as shown in Table 4 ). Even though the association between adherence and respiratory-related pharmacy costs was not evaluated with regression analysis, the difference in unadjusted mean respiratory-related costs is large enough that one can reasonably surmise that they are an important cost driver.
Finally, adherence was associated with lower respiratory-related inpatient costs among patients with any respiratory-related inpatient costs. Respiratory-related inpatient costs were a subset of respiratory-related medical costs. Mean respiratory-related inpatient costs accounted for 61.6% and 63.7% of mean respiratory-related medical costs in the tiotropium and fluticasone/salmeterol cohorts, respectively (Table 3 ). This suggests that the association between adherence to long-acting bronchodilators and respiratoryrelated medical costs was partially driven by the association between adherence and respiratory-related inpatient costs. Adherence was not associated with the odds of having a respiratory-related inpatient cost. The lack of a significant effect for adherence may be attributable to insufficient sample size or unobserved factors that also may affect the odds of a respiratory-related inpatient stay.
The result that better adherence to therapy is associated with lower respiratory-related medical and inpatient costs is consistent with the relationships between adherence and cost outcomes in the literature. Also consistent with the literature were the tiotropium and fluticasone/salmeterol adherence estimates within our study population; the mean MPRs in our study population -0.38 in the tiotropium cohort and 0.26 in the fluticasone/salmeterol cohort -align with adherence estimates of 10%-40% in clinical practice documented by Bourbeau and Bartlett.
14 Low adherence to inhaled medications is not unique to COPD; it has also been documented among individuals using inhaled therapies for treatment of asthma. 15, 38 Barriers to improved adherence to inhaled bronchodilator therapy are well documented and include complexity of regimen, frequency of dosing, and polypharmacy, as well as patient characteristics such as change in lifestyle, behavior, trust and belief in provider and treatment efficacy, concern about side effects, forgetfulness, or misunderstanding of dosing instruction. 13, 14, 16, 21, 39 The capacity to achieve better adherence to inhaled therapies by addressing some of the barriers to good adherence should result in better outcomes for COPD patients. Interventions to improve adherence can include: patient education, both to bolster understanding of COPD and the impact of inhaled therapies in retarding disease progress and to ensure that patients receive reinforced instruction in appropriate medication administration; strategies, developed with patients, to make adherence easier (eg, timing inhaler administration to coincide with other daily activities); and structured interactions with patients emphasizing active self-management. 13, 14 It is also worth noting, however, that improved adherence may not result in reduced overall health care expenditures. We found adherence, relative to nonadherence, was associated with higher respiratory-related health care costs. Similarly, Delea et al found that increased adherence to fluticasone/salmeterol was associated with higher asthma-related costs. 12 These results should be interpreted carefully insofar as they are condition-specific costs, and not overall health care expenditures. Future research should evaluate the impact of improved adherence to long-term COPD therapies on total health care expenditures as well as on indirect costs, such as gains in productivity from delayed or prevented disability.
The results of this study should be interpreted in light of several limitations. There are inherent limitations in administrative claims data. We cannot observe whether medications were used as prescribed; this may affect the accuracy of therapy outcomes. The presence of a diagnosis code on a medical claim does not necessarily confirm a clinical condition such as COPD, as the diagnosis code may be incorrect or the result of rule-out. Costs were defined as costs incurred by the health plan and the patient; costs covered by a third-party payer were not available from the data. Lack of third-party coverage data is principally a concern for subjects at least 65 years old who may have both traditional Medicare and commercial health plan coverage. Thus, some costs may be underestimated. Claims data do not contain clinical information, such as forced expiratory volume or spirometry test results, that would allow us to measure COPD severity or other characteristics associated with costs. There was some claims data-based evidence pointing to a potential difference in health status and COPD severity between the tiotropium and fluticasone/salmeterol cohorts (ie, higher CCI score and higher proportions of patients with baseline SABA and oxygen use in the tiotropium cohort), but it is difficult to assess clinically important differences in the absence of clinical measures not found in administrative claims. Moreover, the relationship between adherence and clinical outcomes could not be measured with these data. We did, however, control for the available measures of health status and COPD severity in the regression analyses.
There were also some limitations in the study design and measurement. The study design excluded patients with baseline use of any long-acting bronchodilator therapy. Consequently, the study population could have excluded patients who had failed on prior bronchodilator treatment. We examined the data and found that 46 patients who initiated tiotropium and 43 patients who initiated fluticasone/salmeterol had at least one fill of a nonindex long-acting bronchodilator during the baseline period. When those 46 and 43 patients were added to the tiotropium and fluticasone/salmeterol cohorts, respectively, the distribution of age category, gender, and rates of baseline respiratory complications, SABA use, and oxygen use (data not shown) across cohorts stayed virtually the same as those shown in Tables 1 and 2. The only difference for which the significance level changed was that between the proportions of tiotropium patients (19.9%) and fluticasone/ salmeterol patients (17.3%) with baseline corticosteroid use (P = 0.026). Therefore, the exclusion of patients with any baseline long-acting bronchodilator use was unlikely to have changed the analysis results. It is possible that regression results were affected by some degree of selection bias with respect to assignment of patients into the tiotropium and fluticasone/salmeterol cohorts. It is likely that coefficients were affected by omitted, unmeasured (and unavailable) variables associated with providers' decisions to initiate patients on tiotropium or fluticasone/salmeterol, eg, physicians' assessments of potential side effects, experience with tiotropium or fluticasone/salmeterol in other patients, or simple preference. Cost outcomes were measured over variable lengths of follow up, ranging from 12 to 18 months. The lengths of follow up were very close between the cohorts, as described previously, so it is unlikely that this influenced the comparisons; and, respiratory-related costs pertained to a variety of respiratory disorders. Therefore, it is likely that only a proportion of the costs reported are attributable to the treatment of COPD. Nevertheless, COPD patients are likely to have concomitant respiratory disorders, and these costs should provide a good estimate of overall expenditures associated with respiratory-related care.
Finally, the results of this analysis cannot be generalized to individuals with COPD who began treatment on tiotropium or fluticasone/salmeterol after previous long-acting bronchodilator therapy or to those treated with salmeterol or formoterol. Moreover, these results are not generalizable to patients with COPD and comorbid asthma.
Conclusion
Overall, less than 20% of patients with COPD who initiated long-acting bronchodilator therapy were adherent to their therapies. Patients initiating tiotropium therapy, however, were more than twice as likely to be adherent than were those initiating fluticasone/salmeterol. The majority of all patients (at least 84%) experienced a minimum 30 day gap in therapy, although patients initiating on fluticasone/salmeterol were significantly more likely to discontinue therapy than were those initiating tiotropium. Adherence to either tiotropium or fluticasone/salmeterol was associated with lower respiratory-related medical costs and inpatient costs, while there were no associations between index therapy cohort and respiratory-related cost outcomes. Adherence is an important treatment objective that is crucial for preventing COPD-related exacerbations and preserving respiratory function. Nevertheless, it is important to recognize that improved adherence may be associated with higher overall expenditures. Further research should model the impact of improved adherence to COPD long-acting bronchodilator therapy on overall direct and indirect costs.
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